Abstract: A series of new C 2 -symmetric fluoren-9-ylidene malonate-derived bis(oxazoline) ligands were synthesized from fluoren-9-ylidene malonate and enantiomerically pure amino alcohols via a convenient route. Their asymmetric catalytic properties in the Friedel-Crafts reactions of indoles with arylidene malonates were evaluated, and the Cu(OTf) 2 complex of a fluoren-9-ylidene malonate-derived bis(oxazoline) bearing a phenyl group showed moderate to good enantioselectivity (up to 88% ee).
Introduction
During the past two decades, a plethora of bis(oxazoline) ligands have been synthesized and successfully applied in a variety of asymmetric catalytic reactions [1] [2] [3] . For bis(oxazoline) (BOX) ligands derived from malonate and its analogues, the bridge angle φ, correlating with the bite angle θ of the BOX-metal complex, is an important structural factor influencing the enantioselectivity of the catalysis [4] [5] [6] . In recent years, one straightforward strategy to tune the bridge angle was introduced to BOX ligands, in which two oxazoline rings are attached to a sp 2 hybridized carbon and then provide a larger bridge angle than those with sp 3 hybridized bridge carbon. So far several examples involving
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this type of BOX ligand have appeared, such as I and II ( Figure 1 ) [7] [8] [9] . Recently, we reported that heteroarylidene malonate-derived bis(oxazoline) ligand III-copper(II) complexes demonstrated excellent enantioselectivities (up to >99% ee) in the catalytic Friedel-Crafts reactions between indoles and diethyl alkylidenemalonates [10] . As a continuation of our ongoing endeavor to explore these novel chiral ligands and their application in synthetic methodology, herein we wish to document the synthesis and application of fluoren-9-ylidene malonate derived bis(oxazoline) 1. 
Results and Discussion
The requisite chiral bis(oxazolines) 1 were conveniently synthesized from the commercially available starting material diethyl fluoren-9-ylidene malonate (2) in a four step sequence as illustrated in Scheme 1 [10] . Hydrolysis of diethyl dicarboxylates 2 by the solution of NaOH in a mixture of water and methanol gave the corresponding dicarboxylic acid, which reacted with oxalyl chloride in the presence of DMF to afford the diacyl chloride. The diacyl chloride condensed with chiral β-amino alcohols in the presence of Et 3 N to give the corresponding chiral intermediate dihydroxydiamides 3 in good yields, which were treated with methanesulfonyl chloride and excess Et 3 N in dichloromethane to afford the desired bis(oxazoline)s 1a~d in good yield (75-84%). Scheme 1. Synthesis of chiral bis(oxazolines) 1.
Reagents and conditions: i) NaOH, MeOH; ii) (COCl) 2 , DCM, DMF; iii) L-amino alcohol, Et 3 N, DCM; iv) MsCl, Et 3 N, DCM.
With these new ligands in hand, we evaluated their catalytic activity in the Cu(II) catalyzed FriedelCrafts (F-C) alkylation of indole with arylidene malonates according to our previous reports (Scheme 2) [10] . The asymmetric Friedel-Crafts alkylation of indoles with arylidene malonates affords an efficient methodology to prepare indole derivatives [11] [12] [13] [14] [15] [16] [17] . The F-C alkylation was performed in isobutanol at room temperature employing Cu(OTf) 2 -bis(oxazoline) complexes 1a~d (10 mol%) as catalysts (Scheme 2). The experimental results are outlined in Table 1 . Ligand 1d showed the best enantioselectivity (78% ee) among the four Cu(OTf) 2 -ligand complexes, while 1a~c gave low catalytic enantioselectivities (entries 1, 2 and 3). When Cu(ClO 4 ) 2 6H 2 O was used in this teaction, the ee was decreased to 34% (entry 5). Subsequently, the effect of solvents were examined. In isopropanol or ethanol, almost the same catalytic activities and enantioselectivities were exhibited (entries 6 and 7), however in methanol the enantioselectivity was reduced to 40% ee (Entry 8). When dichloromethane was used in this reaction, both a high yield and low enantioselectivity were obtained (90% yield and 20% ee, entry 9), which was not in accordance with our previous report that the use of dichloromethane as solvent led to the product with the the opposite configuration being obtained [10, 15] . Next the reactions of various indoles and alkylidene malonates were investigated under the optimal reaction conditions (Table 1, Entry 4). As shown in Table 2 , different reactivities were observed for different substrates. The benzylidene malonates with ortho-ClPh and ortho-MePh groups afforded much lower yields after reacting 48 h (60% and 65%, respectively). The enantioselectivity of the reactions was found to depend significantly on the different substituents on the substrates (entries 1~5). The best result was achieved (up to 88% ee) when diethyl ortho-Cl-benzylidene malonate reacted with indole (Entry 4). On the other hand, in the reaction of various substituted indoles with diethyl benzylidene malonates, inferior enantioselectivities (10~45% ee, entries 6~9) resulted for the adducts of the benzylidene malonate reacting with 5-methoxyindole, 5-methylindole, 5-chloroindole and 6-chloroindole, although high yields were obtained. 
Experimental

General
Melting points were measured on an XT-4 melting point apparatus and are uncorrected. NMR spectra were recorded with a Bruker Avance DPX300 spectrometer with tetramethylsilane as the internal standard. Infrared spectra were obtained on a Nicolet AVATAR 330 FT-IR spectrometer; Optical rotations were measured on a Perkin-Elmer 341 LC polarimeter. Elemental analyses were carried out on an Elementar Vario EL instrument. The enantiomeric excesses of (R)-and (S)-ethyl-2-ethoxycarbonyl-3-(3-indolyl)-3-arylpropanoate were determined by HPLC analysis over a chiral column (Daicel Chiralcel OD-H; n-hexane/i-PrOH 90:10, 0.8 mL/min; UV detector, 254 nm). The absolute configuration of the major enantiomer was assigned by comparison with literature [10, 15] .
Synthesis and characterization of dihydroxydiamides 3a-d
(S,S)-N,N-bis(2-hydroxy-1-isopropyl)-2-(fluoren-9-ylidene) malonamide (3a)
To a solution of diethyl fluoren-9-ylidene malonate 2a (1.0 g, 3.10 mmol) in CH 3 OH (10 mL) was added a NaOH solution (10 mL, 2.0 M). The mixture was refluxed for 8 h, then the methanol was removed in vacuo. The residue was cooled to 0 °C and acidified with aqueous HCl (6 M). The acidified mixture was extracted with ethyl acetate (10 mL × 3), and the combined organic phase was washed with brine, dried over Na 2 SO 4 and evaporated to give yellow solid, which was directly added to a solution of CH 2 Cl 2 (20 mL) and DMF (0.1 mL), subsequently at 0 °C oxalyl chloride (1.20 g, 9.44 mmol) was slowly injected and then the mixture stirred for 3 h. Removal of the excess oxalyl chloride in vacuo afforded the diacyl dichloride as a yellow solid. The diacyl dichloride in CH 2 Cl 2 (20 mL) was added dropwise to a solution of L-valinol (0.75 g, 7.28 mmol) and Et 3 N (4 mL, 28.9 mmol) in CH 2 Cl 2 (20 mL) at 0 °C and stirred at room temperature for 4 h. The reaction mixture was washed with water (5 mL × 2). The organic layer was dried over Na 2 
General procedure for the asymmetric F-C alkylation of indoles with alkylidenemalonates
Cu(OTf) 2 (0.025 mmol) was added to a Schlenk tube, followed by ligand 1d (0.0275 mmol) in iso-butanol (1.0 mL) under N 2 , the solution was stirred for 1.5 h at room temperature, a mixture of the appropriate diethyl arylidenemalonate (0.25 mmol) in the above solvent (1.0 mL) was added. After stirring for 30 min the indole (0.25 mmol) was added. After stirring for 24~48 h at room temperature, the solution was concentrated in vacuo, The crude product was purified by flash column chromatography on silica gel (eluted with ethyl acetate-petroleum ether, 1/5, v/v) to afford the (S)-ethyl-2-ethoxycarbonyl-3-(3-indolyl)-3-arylpropanoate as a white solid in high yield; the enantiomeric excesses of all adducts were determined by HPLC with a chiral column (Daicel Chiralcel OD-H; hexane-isopropyl alcohol 90:10; flow rate 0.8 mL/min; 254 nm). 
Conclusions
In summary, a series of novel C 2 -symmetric fluoren-9-ylidene malonate-derived bis(oxazoline) ligands were synthesized in good yields for the first time from diethyl fluoren-9-ylidene malonate and chiral amino alcohols. Their application in the asymmetric catalytic Friedel-Crafts reaction of indoles and alkylidene malonates was examined. The copper complex of ligand 1d bearing a phenyl group showed moderate to good enantioselectivity. Further experiments to extend the scope of use of these catalysts are currently in progress in our laboratory.
